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ABSTRACT: During an ongoing epizootic of mycobacteriosis, wild striped bass Morone saxatilis from
Chesapeake Bay were analyzed using 3 methods for detection of either mycobacterial infection or
associated granulomatous pathology. The specific detection techniques, which utilized aseptically
collected splenic tissue, were histology, quantitative culture and nested PCR. Based on analysis of
118 samples, detection of infection differed significantly between the 3 methods (chi-square, p =
0.0007). Quantitative culture and nested PCR detected similar, higher rates of infection (69 and 75%,
respectively) than the histological method (52%). Although primary PCR assays for a 924 to 940 bp
segment of the mycobacterial 16S rRNA gene were positive for genomic DNA from mycobacterial
cultures, a secondary, nested PCR reaction for an internal 300 bp gene segment was required in order
to detect mycobacteria within splenic tissue. A similar rate of mycobacterial infection was present in
fish collected from all sites tested. Although all detection methods found that striped bass age 4.0 to
4.9 yr had the highest positive incidence, nested PCR detected a higher frequency of mycobacterial
infection in fish ≥ 6.0 yr of age than the other 2 methods. Quantitative bacteriology was a more
sensitive detection technique when the fish tissue contained ≤103 mycobacteria g–1.
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Mycobacterium spp. infect over 160 species of saltwater and freshwater fishes (Chinabut 1999). Although
more frequently described in fishes maintained in
aquaria or aquaculture environments, mycobacteriosis
also occurs in wild fishes. Specifically, mycobacterial
infections have been reported in wild cod Gadus
morhua, mountain whitefish Prosopium williamsoni,
Northeast Atlantic mackerel Scomber scombrus, rabbitfish Siganus rivulatus, chinook salmon Oncorhynchus
tshawytscha, striped bass Morone saxatilis, and yellow
perch Perca flavescens (Abernethy & Lund 1978, Sakanari et al. 1983, MacKenzie 1988, Daoust et al. 1989,
Dalsgaard et al. 1992, Diamant et al. 2000). Recorded
prevalences of mycobacteriosis in these fish range from
8 to 100%.

Reports of mycobacteriosis in striped bass Morone
saxatilis include aquacultured fish off the Pacific coast
(Hedrick et al. 1987), experimentally infected fish
(Wolf & Smith 1999, Gauthier et al. 2003), and wild fish
from the Pacific and Atlantic coasts, the latter specifically in the Chesapeake Bay (Landsdell et al. 1993,
Heckert et al. 2001, Rhodes et al. 2001, 2003, 2004,
2005). Mycobacteriosis in Chesapeake Bay striped
bass is noteworthy, as these fish constitute one of the
region’s most important recreational and commercial
fisheries.
Confirmation of mycobacterial infection in fishes
often relies solely on histological evidence, notably
granuloma formation and/or presence of acid-fast bacteria. Although infection and disease are not synonymous, it is generally assumed that the presence and
extent of granulomas correlates with the severity of
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mycobacterial disease. Culture of fish tissue for mycobacterial detection is often not attempted for a variety
of reasons including the relatively slow growth of
Mycobacterium spp. (Shotts & Teska 1989, Rhodes
et al. 2004). Harsh decontamination techniques, originally designed for mammalian mycobacteriosis, are
generally employed in order to reduce the nonmycobacterial microbiota which can overgrow the
mycobacteria (Majeed et al. 1981, Gomez et al. 1993,
Chinabut 1999). However, decontamination methods
can adversely affect mycobacterial viability and lead
to an underestimation of mycobacterial infection intensity (Dailloux et al. 1999, Rhodes et
al. 2004). Alternatively, determination of
mycobacterial infection intensity can be
accomplished by reliance on aseptic
necropsy of internal tissues, followed by
enumeration (Rhodes et al. 2004). Aseptic
necropsy also reduces chances of detecting extraneous, environmentally derived
mycobacteria in fish tissues when using
molecular techniques such as PCR. A variety of PCR assays have been utilized for
specific and rapid detection of piscine
mycobacteria (Knibb et al. 1993, Talaat et
al. 1997, Bruno et al. 1998, Kotlowski et
al. 2004).
In this study, these 3 mycobacterial
detection methods (histology, quantitative
culture and nested PCR) are compared
in assessing aseptically collected splenic
tissue from wild striped bass in the Chesapeake Bay.

tial identification number and the total length and
presence of gross, external pathology was recorded.
Fish were stored on ice until aseptic necropsy was performed, generally within 8 h of receipt. Necropsies
were conducted in a laminar flow hood (Nuaire,
Type II Class 2A/B3, Plymouth, Minnesota), using Biosafety Level 2 conditions, as described by the Centers
for Disease Control and Prevention and National Institutes of Health (1999). Aseptically collected splenic tissue (approx. 0.5 to 1.0 g) from each fish was subdivided
(0.1 to 0.5 g) for homogenate preparation and for histological examination as described below.

MATERIALS AND METHODS
Fish collection and initial processing.
Wild striped bass Morone saxatilis (N =
118) were collected either by hook and line
(primarily at striped bass fishing tournaments) or by haul seine net surveys from
June 1999 through December 2001. Sites
of fish collection ranged from near the
southern mouth of the Chesapeake Bay
(Virginia Beach, Virginia) to the Potomac
River. In addition, fish were collected by
the same methods from several mid-tolower Chesapeake Bay embayments and
tributaries comprising the Great Wicomico
River, the Piankatank River, the Rappahannock River, the York River and the
Potomac River, and from locations near
Reedville and Deltaville, Virginia (Fig. 1).
Each fish was assigned a unique, sequen-

Fig. 1. Collection sites (starred) in the Chesapeake Bay for wild striped bass
Morone saxatilis. The most southern, starred location is Virginia Beach, and
in ascending order, the starred sites are the York River, Piankatank
River, Deltaville, Rappahannock River, Great Wicomico River, Reedville,
and Potomac River
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Histology. For histological evaluation, splenic tissue
was fixed in 10% buffered formalin for 48 h, and then
processed using standard procedures (Prophet et al.
1994). A minimum of 9 randomly selected 5 µm sections of Harris’ hematoxylin and eosin (H&E) stained
splenic tissue for each fish was examined at 40 × for the
presence and number of granulomatous lesions.
Quantitative bacteriology. A weighed splenic tissue
subsample was homogenized in 2 ml Butterfield buffer
(Anonymous 1995), using a Ten broeck tissue grinder,
and 2 equal portions of this homogenate were transferred to sterile 1.5 ml microcentrifuge tubes. One tube
was frozen at –20°C for molecular analysis (nested
PCR) and the second was processed for enumeration of
mycobacteria by immediate serial dilution and spreadplating onto duplicate plates of Middlebrook 7H10
agar with albumin-dextrose-catalase (ADC) or oleic
acid-albumin-dextrose-catalase (OADC) enrichment,
which produced a mildly selective medium (MDA).
The original homogenate was also spread-plated
onto brain heart infusion (BHI) agar, a non-selective
medium, to monitor for heterophilic bacterial contamination and the presence of pathogens other than
mycobacteria.
Plates were incubated at 23°C for 3 mo. This incubation temperature was utilized as Rhodes et al. (2004)
had previously determined that temperatures above
23°C were not conducive to growth of all mycobacterial species recovered from striped bass. Culture
plates were stored in plastic bags to prevent desiccation of the media during incubation.
All morphologically distinct colonies were examined
for acid-fastness (Ziehl Neelsen stain) and acid-fast
colonies were streaked onto MDA to obtain purified
cultures. Purified isolates have been characterized and
described in a separate study (Rhodes et al. 2004).
Mycobacterial densities were expressed as colony
forming units (CFU) g–1 tissue. Means and standard
deviations of these densities were calculated from logtransformed data.
Aseptic collection and processing of splenic tissue
were successful in that only 1 spleen sample (N =
1/119) had a high density of contaminant, heterotrophic bacteria. This sample was omitted from further
data analysis.
Nested PCR of Mycobacterium spp. Nested PCR was
performed on DNA prepared from frozen aliquots of
splenic homogenates. Approximately 500 µl of the
thawed homogenate were spun briefly and the tissue
pellet was rinsed in sterile water. DNA was then
extracted from the tissue pellet using the method of
Reischl et al. (1994) with an additional, final 10 min
boiling step to ensure nonviability of the mycobacteria
(Buck et al. 1992). DNA was purified using a standard method (Ausubel et al. 1992): phenol/chloroform/
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isoamyl alcohol (P/C/IAA at 25:24:1 ratio) extraction,
followed by ethanol precipitation and subsequent rinsing of the DNA pellet with 75% ethanol. DNA was
then resuspended in TE (10 mM Tris-HCl, pH 8.0,
1 mM EDTA), its concentration was measured using
a spectrophotometer (DynaQuant, Hoefer, San Francisco, California) and it was stored at –20°C until
used for PCR assays. Positive controls included DNA
derived from pure bacterial cultures extracted according to Reischl et al. (1994). Cultures, which included
reference strains of Mycobacterium spp. (M. chelonae,
M. flavescens, M. fortuitum, M. gordonae, M. kansasii,
M. marinum, M. scrofulaceum, M. simiae, and M. terrae) and Escherichia coli, were obtained from the Environmental Protection Agency, Cincinnati, Ohio, and
from the Consolidated Laboratory Services, Commonwealth of Virginia, Richmond, Virginia. Additionally,
DNA was also extracted from mycobacteria previously
isolated from wild striped bass, including 2 new species, M. shottsii and M. pseudoshottsii nov. (Rhodes et
al. 2001, 2003, 2004, 2005). DNA from Nocardia otitidiscaviarum (ATCC 14629) was also used as a negative
control.
The first phase of the nested PCR reactions
employed previously described primers, forward (T39)
and reverse (T13), for a 924 to 940 bp segment of the
Mycobacterium spp. 16S rRNA gene (Talaat et al.
1997). PCR amplifications were conducted in a 100 µl
reaction mixture containing 200 µM (each) of dATP,
dCTP, dGTP, and dTTP, 1× reaction buffer (RB)
(100 mM Tris-HCl, pH 8.3, 0.5 M KCl; 15 mM MgCl2,
0.01% gelatin), 10 to 100 ng of DNA template extracted from bacterial cultures or 500 to 1000 ng of
DNA extracted splenic tissue of striped bass, 0.6 µM of
each primer, and 2.5 U of Taq polymerase. All PCR
reagents were obtained from Sigma-Aldrich, St. Louis,
Missouri. Amplification was performed in an MJ
Research PTC 200 thermocycler (MJ Research) with
the following program: 1 cycle of 95°C for 5 min, followed by 30 cycles of denaturation at 94°C for 1 min,
annealing at 53°C for 1 min, and extension at 72°C for
1 min, followed by a final extension at 72°C for 10 min.
We analyzed 20 µl of the amplified PCR products by
electrophoresis on a 1.0% agarose gel, and visualized
them using ethidium bromide. Positive (Mycobacterium spp. DNA template) and negative (no template
DNA) controls were included in each set of reactions.
For the secondary phase of the nested PCR assay, 1 to
3 µl of the primary 100 µl reaction mixture was
employed as a source of template DNA, together with
the internal primers (T531 and PRET 43) designed by
Talaat et al. (1997). These primers amplified a conserved 300 bp Mycobacterium spp. sequence within
the larger, originally amplified 924 to 940 bp PCR
amplicon. The same type reagents and cycle program
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as described for the primary assays were used in the
secondary phase of nested PCR. We analyzed 20 µl of
the amplified nested PCR products by electrophoresis
on a 1.0% agarose gel, and visualized them using
ethidium bromide. Immediately following the initial
experiments and at several subsequent times, PCR or
nested PCR products were cloned and sequenced to
verify that mycobacterial 16S RNA gene segments
were being amplified (data not shown).
‘Spiking’ experiments were conducted to assess the
sensitivity of the nested PCR method by adding known
quantities of mycobacterial DNA genomic equivalents
derived from pure cultures to negative samples of
fish splenic tissue. Then extraction and purification of
genomic DNA was conducted as usual before performing nested PCR assays. These experiments
demonstrated that the minimal threshold for positive
detection of mycobacteria was approximately 103 mycobacteria g–1 splenic tissue (data not shown).
Fish age determination and statistical analysis. Age
of fish was estimated using data provided by the
Anadromous Fishes Research Program (VIMS), correlating total length of fish to age based on fish scale
assessment. Regression analysis of length on age was
performed using simple linear regression and the
regression ANOVA table. Statistical tests were performed using Statview Version 5.0.1 (SAS Institute).

RESULTS AND DISCUSSION
Overall, 52% of all samples (N = 61 of 118) were histologically-positive for granulomas, 69% (N = 81 of
118) were culture-positive for mycobacteria, and 75%
(N = 88 of 118) were PCR-positive for mycobacteria.
Comparison of the 3 methods for all sampled fish
showed a significant difference in overall detection
of mycobacterial infection (chi-square, p = 0.0007).

Table 1. Morone saxatilis infected with Mycobacterium spp.
Categories of mycobacterial infection based on histological
assessment of splenic tissue of 118 wild striped bass compared to quantitative culture means. Degree of infection is
based on number of granulomas in observed splenic tissue,
where 0 = negative, 1 to 10 = light, 11 to 100 = moderate,
>100 = heavy; culture mean is mean (±1 SD) log CFU g–1
for fish in each category
Degree of infection

Negative
Light
Moderate
Heavy

No. infected
fish (%)
57
38
19
4

(48.3)
(32.2)
(16.1)
(3.4)0

Culture mean

2.2 ± 1.4
3.6 ± 1.5
5.0 ± 1.4
6.1 ± 1.0

Table 1 summarizes the intensity of mycobacterial
infections based on histological assessment of splenic
tissue and on quantitative culture. Degrees of pathology ranged from negative (no detectable granulomas)
to a qualitative description as highly infected (>100
detectable granulomas). Often granulomas in the fish
were large enough to be macroscopically visualized
during necropsy (Fig. 2).
Fig. 3A shows typical results for initial PCR assays
with either mycobacterial cultures or splenic tissues.
Fig. 3B demonstrates that nested PCR assays with the
same samples as for Fig. 3A amplify a 300 bp product
and are required for detection of mycobacterial
infection in fish tissues.
All 3 methods were in agreement for 56.8% of the
fish samples, i.e. either all positive or all negative
(Table 2). In instances where the bacterial culture was
positive but both histology and PCR were negative, the
majority (8 of 12, 66.7%) of samples had mycobacterial
densities ≤103 CFU g–1.
Table 3 presents a 2-way comparison of viable cell
densities, i.e. low (101 to 103 CFU g–1) and high
Fig. 2. Morone saxatilis infected with Mycobacterium
spp. Fish No. MR122, collected at a fishing tournament
in Deltaville, Virginia; weight
6010 g, total length 835 mm.
Age based on regression analysis was 8.8 yr. Although this
fish had a healthy-appearing
exterior, aseptic necropsy revealed pronounced granulomatous splenomegaly filling
the entire body cavity; arrows
highlight several granulomas.
M. shottsii was ultimately cultured from spleen at density of
150 000 CFU g–1; both histological and molecular methods
were also positive
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Table 2. Morone saxatilis infected with Mycobacterium spp. Results of
3-way comparison of mycobacterial detection methods. Histo: Histology
(granulomas); Bact: quantitative bacterial culture; PCR: PCR/nested PCR.
Values represent incidence in categorical number/total number (relative
percentage)

net were generally younger than those
caught and kept by hook and line during
fishing tournaments. There was a significant difference between the 3 detection techniques regardless of collection
method, i.e. hook and line (chi-square, p =
Histo
+
Histo
+
Histo
+
Histo
+
0.0007), or haul seine net (chi-square, p =
Bact
+
Bact
+
Bact
0
Bact
0
PCR
+
PCR
0
PCR
±
PCR
0
0.0448). In contrast to histological analysis
53/118 (44.9%) 3/118 (2.5%)
4/118 (3.4%)
1/118 (0.8%)
and culture-based methods, infection rates
for nested PCR were similar for both colHisto
0
Histo
0
Histo
0
Histo
0
lection groups of fish regardless of capture
Bact
+
Bact
0
Bact
+
Bact
0
PCR
+
PCR
+
PCR
0
PCR
0
method and associated age differences.
The prevalence of splenic mycobacterio13/118 (11%)
18/118 (15.3%) 12/118 (10.2%) 14/118 (11.9%)
sis based on the various age categories of
fish and the positive percentage for each
(>103 CFU g–1) cell densities, compared to the presmethod of detection is shown in Fig. 4. Fish that were
ence or absence of infection determined by histological
4.0 to 4.9 yr of age had the highest incidence of
or PCR methods. Frequency of agreement between the
mycobacterial infection by all 3 detection methods. In
methods includes the sum of both methods being
this age category, 74% of striped bass were positive by
either negative or positive, and ranged from 67 to 75%.
histology, 95% were positive by quantitative bacteriolTable 4 shows the percentage of fish positive for
ogy and 86% were positive for nested PCR.
mycobacterial infection for each of the 3 detection
Although histological methods are commonly emmethods compared to the location of fish collection.
ployed for the detection of mycobacterial infection in
This analysis revealed an exception to the overall simfishes (Sakanari et al. 1983, Bruno et al. 1998, Cardinal
ilarity between culture and PCR methods for detecting
2001, Rhodes et al. 2001, 2004, Gauthier et al. 2003),
infection. At 2 of the striped bass fishing tournaments,
concurrent use of culture- and molecular-based de(Colonial Beach, Virginia and Deltaville, Virginia) the
tection methods remain limited. In this comparative
nested PCR method detected a higher prevalence of
study, the histological method of observing granulomas
mycobacterial infection.
in aseptically collected splenic tissue revealed fewer
To examine this difference, an analysis was conmycobacterial infections than did quantitative bacteriducted that compared the age of fish to the method of
ology or nested PCR. This finding, along with previous
fish collection (Table 5). Fish caught by haul seine
reports which have described difficulties detecting
acid-fast bacilli in granulomatous fish tissues (Gomez et

Table 3. Morone saxatilis infected with Mycobacterium spp.
Results of 2-way comparison of mycobacterial detection
methods, with subcategories of quantitative bacteriology data.
Agreement in each comparison equals sums of percentage of
negative or positive detection by both methods
Negative
(%)
Fig. 3. Morone saxatilis infected with Mycobacterium spp.
(A) PCR reactions visualized on 1% agarose gel, stained by
ethidium bromide; Talaat et al. (1977)-designed primers were
used with genomic DNA extracted from 2 cultures of reference mycobacteria, 2 cultures of Mycobacterium spp. from
striped bass, mycobacterially infected or non-infected splenic
tissue from striped bass, or negative (no DNA template) control. (B) Nested PCR reactions visualized on 1% agarose gel,
stained by ethidium bromide, for same samples as in (A).
Lanes 1 & 9: Molecular weight marker (100 bp ladder); 2: M.
fortuitum (reference strain); 3: M. gordonae (reference strain);
4: M. pseudoshottsii (from splenic tissue); 5: M. shottsii (from
splenic tissue); 6: mycobacterially infected splenic tissue
(detected by all 3 methods); 7: mycobacterially non-infected
splenic tissue (detected by all 3 methods); 8: negative control
(no template DNA)

Positive
(%)

Bacteriology: Histology
Negative (no growth)
28
12
Low + (101 – 103 CFU g–1)
High + (>103 CFU g–1)
9
Agreement: 75%, Disagreement: 25%

4
8
39

Bacteriology: PCR/Nested PCR
Negative (no growth)
12
Low + (101 – 103 CFU g–1)
7
High + (>103 CFU g–1)
7
Agreement: 67%, Disagreement: 33%

19
11
44

PCR/Nested PCR: Histology
Negative
22
Positive
27
Agreement: 70%, Disagreement: 30%

3
48
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Table 4. Morone saxatilis infected with Mycobacterium spp. Mycobacterial
prevalence as a function of location of fish collection

% positive

of the host. On the other hand, reliance
on granuloma detection as evidence for
mycobacteriosis can also lead to false
Location
No.
% with mycobacterial infection
positive results since granulomas can
fish
Histology Bacteriology Nested PCR
be caused by microorganisms other
than mycobacteria (Gomez et al. 1993,
Mid Bay
Colonial Beach fishing tournament 7
43
43
71
Falkinham 2002). In this instance,
Great Wicomico River
1
0
0
0
however, there are numerous reports
Reedville coast
1
1000
1000
1000
of typical granulomatous development
Reedville fishing tournament
15
53
67
73
due to mycobacteria in wild striped bass
Mid Bay total
24
50
58
71
from the Chesapeake Bay (Heckert
Lower Bay
et al. 2001, Rhodes et al. 2001, 2004,
Deltaville fishing tournament
21
33
43
86
Lynnhaven fishing tournament
6
33
83
83
Gauthier et al. 2003).
Piankatank River
1
1000
1000
1000
Histological examination can be
Virginia Beach coast
1
1000
1000
1000
completed
relatively quickly, requiring
York River
65
58
78
71
only 3 to 4 d from collection of fish
Lower Bay total
94
52
71
76
tissue to potential diagnosis, and can
Total
1180
52
69
75
also assess the severity of disease. We
suspect that a similar development in
Table 5. Morone saxatilis infected with Mycobacterium spp. Mycobacterial
initial appearance and density of mycoprevalence as a function of method of fish collection. Age in years
bacterial granulomas is occurring in the
wild striped bass from the Chesapeake
Capture source
No.
Mean
No. positive/total no. detected by:
Bay as described for wild mackerel
fish
age
Histology
Bacteriology Nested PCR
(MacKenzie 1988). Our research deHook and line
53
7.4 ± 3.1
23/53 = 43% 30/53 = 57% 42/53 = 79%
monstrated a general correlation beHaul seine net
65
4.0 ±1.1
38/65 = 58% 51/65 = 78% 46/65 = 71%
tween increasing numbers of detectable
splenic granulomas and mycobacterial
al. 1993, Colorni et al. 1998, Gauthier et al. 2003), indidensities of CFU g–1 fish tissue. Specifically, when
cates that strict reliance upon histological approaches
splenic tissues of striped bass have detectable granulocould result in false negatives. The possibility exists
mas, these fish have, minimally, 20-fold higher mycothat splenic granulomas may be absent from early inbacterial densities than do fish without granulomas.
fections due to an insufficient hypersensitive response
Overall, 52% of all samples in this study (N = 61 of 118)
exhibited granulomas by histology. This rate is very
similar to the overall 48% positive rate found in a
Nested
PCR
Histology
Culture
100
previous, larger study (N = 1899) of wild striped bass
(Cardinal 2001), which relied predominantly on histo90
logy to detect mycobacteriosis.
80
Culturing mycobacteria from splenic tissue not only
provided data on the overall incidence of mycobacte70
riosis, but also cell concentrations which presumably
60
reflect the intensity of mycobacterial infection. Overall,
50
69% of the samples (N = 81 of 118) were culture positive for mycobacteria, and mycobacterial densities in
40
nearly 75% of culture-positive fish were >103 myco30
bacterial CFU g–1 splenic tissue.
20
The data in Fig. 4 demonstrate that both histological
and culture-based methods may underestimate the
10
incidence of mycobacterial infection in wild striped
0
bass compared to the detection frequency by nested
0–2.9
3–3.9
4–4.9
5–5.9
>6
PCR, notably for the older striped bass (≥ 6 yr). This
Age of striped bass (years)
finding may reflect partial or complete resolution of the
Fig. 4. Morone saxatilis infected with Mycobacterium spp.
active mycobacterial infection. Mycobacteria in such
Percentage of splenic samples positive for mycobacterial infish may have been rendered nonviable, physiologifection as a function of age category detected by histology,
cally compromised and/or sequestered within granuloculture, or nested PCR. Sample size: 0 to 2.9 yr, n = 16; 3 to
mas, and thus might not be recoverable by culture.
3.9 yr, n = 12; 4 to 4.9 yr, n = 43; 5 to 5.9, n = 13; ≥ 6 yr, n = 34

Kaattari et al.: Mycobacterial infections in wild striped bass

The remaining mycobacterial DNA in such culturally
and/or histologically-negative fish might still be present in sufficient quantity/quality, however, to allow
detection by nested PCR. Another potential cause of
underestimation by quantitative culture could be the
inadvertent absence in media of an essential growth
factor or growth condition (e.g. temperature, Rhodes et
al. 2004) that would be required for growth of each
Mycobacterium spp. present in the samples examined.
The sensitivity for detection of mycobacteria by culture
in this study was 10 CFU g–1. The use of a larger spleen
sample could have increased the sensitivity of this
method. Unfortunately, the 2 to 3 mo period required
for the primary isolation of some striped bass mycobacteria (Rhodes et al. 2004) is an unalterable detriment to
rapid diagnoses. In contrast, nested PCR techniques
show promise for rapid detection of mycobacteria. The
specific PCR protocol utilized in this study reliably
amplified a genus-specific 924 to 940 bp segment of
the 16S rRNA gene from pure mycobacterial cultures.
Thus far, cultures of 14 different Mycobacterium spp.
(reference strains or fish isolates) have yielded positive
PCR results with the genus-specific primers (data not
shown). The 924 to 940 bp gene segment includes a
well-known hypervariable section of the 16S rRNA
gene (Kirschner et al. 1993, Tortoli et al. 1996, Turenne
et al. 2001, Tortoli 2003) flanked by conserved ends.
When sequenced, this large segment of DNA aids in
speciation of Mycobacterium spp. However, in contrast
to the original report by Talaat et al. (1997) for M.
marinum or M. fortuitum-infected fish (fish species not
identified), we were unable to detect the 924 to 940 bp
PCR product when directly assaying splenic tissue of
wild striped bass. To detect the mycobacterial infection
in such tissues, nested PCR assays had to be utilized.
The nested PCR assay amplified an internal, 300 bp
segment of the larger gene segment (Fig. 3). The
sequence of this small segment, when compared to
others in GenBank, was useful in confirming both the
type of gene and the genus Mycobacterium, but was
insufficient for speciation. One may speculate that the
nested PCR assay was required for detection of mycobacteria in splenic tissues of striped bass because the
original 924 to 940 bp product was too low in concentration to be detected, and/or tissue inhibitors (Chakravorty & Tyagi 2001) in the primary PCR reaction
prevented detection.
To detect potential false positives with the molecular
assays, negative controls (no template DNA) were routinely employed in each set of PCR or nested PCR reactions. Another type of negative control used occasionally was DNA from the splenic tissue of striped bass
that had already been proven to be negative for
mycobacterial infection by all 3 methods of detection.
Insufficient quality and/or quantity of genomic DNA
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template could certainly cause false negatives for mycobacterially-infected fish tissues. According to Burkardt
(2000), another method to detect, or rule out, such false
negative assays would be to employ an internal control
in the PCR assays.
The present study indicated that wild striped bass
can become infected with mycobacteria at < 3 yr and
can continue to survive to minimally 6 yr of age. Fish
from Virginian waters of the Chesapeake Bay possessed similar rates of infection, with overall 75% of
sampled fish having detectable mycobacteria. The
source and route of infection is unknown. Whether
there is any risk to humans in contact with such mycobacterially-infected striped bass remains to be studied.
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